. An insight into protein sequences of PTP-like cysteine phytases. Nusantara Bioscience 6: 102-106. Protein tyrosine phosphatase-like cysteine phytases (CPhy) are novel phytases reported in the ruminant microbial community and suggested to play major role in phytate-phosphorus hydrolysis in animal feed. These phytases are very promising to be used in animal feed applications for monogastric animals. Present study deals with utilization of sequence information of 40 CPhy reference protein sequences for their sequential characterization for conserved regions, phylogenetic relationship, biochemical features, superfamily and functional motifs therein. The study reveals that CPhy, not well characterized class of phytases, contains conserved sequence feature which may be important catalytic residues. Five major clusters observed in phylogenetic tree with Clostridium sp. as largest cluster. Reported motifs might be used for diversity and expression analysis of CPhy enzymes.
INTRODUCTION
Phytases (myo-inositol 1,2,3,4,5,6-hexakisphosphate phosphohydrolase) are a special group of phosphatases which catalyzes the stepwise removal of phosphates from phytic acid (myo-inositol 1,2,3,4,5,6-hexakisphosphate; IP6) or its salt phytate (Lei et al. 2013) . It is, therefore, useful in various applications, e.g. alleviating antinutritional effect of phytate in animal feed, increase bioavailability of micronutrients to monogastric animals, management of environmental phosphorus pollution (Sapna et al. 2013 ) and promising for aquafeed application (Kumar et al. 2014b) .
Phytases are widely distributed among plants and microbial cells (Hegeman and Grabau 2001; Kumar et al. 2013; Singh et al. 2014; Lei et al. 2013) . To develop a suitable phytase for above applications and better understand the catalytic mechanism of diverse groups of phytases, large number of such organisms has been studied in detail for their phytase gene sequences and biochemical properties. Based on the specific consensus sequence, catalytic mechanism, and three dimensional structures, so far phytases are therefore classified in four classes, i.e. histidine acid phosphatase (HAPhy), cysteine phytase (CPhy), purple acid phosphatase (PAPhy) and betapropeller phytase (BPPhy) (Lei et al. 2007; Mullaney and Ullah 2007; Lei et al. 2013) . Further classification based on the site of phytic acid dephosphorylation reveals three groups of phytases, i.e. 3-phytase (alternative name, 1phytase; EC 3.1.3.8), 4-phytase (alternative name, 6phytase; EC 3.1.3.26), and 5-phytase (EC 3.1.3.72) (Kumar et al. 2014a ).
Although tremendous work has been carried out related to phytase research, new technologies like sequencing advances, enzyme engineering, proteomics, and related bioinformatic studies have further given a new life to this old enzyme (Lei et al. 2013 ). In addition to this, in silico characterization of protein sequences of HAPhy and BPPhy class of phytases has been reported recently (Kumar et al. 2012; Kumar et al. 2014a ). These studies have been suggested to be useful in further genetic engineering and classification in important groups of phytases. The use and bioinformatic analysis of resulting DNA and protein sequence information from different studies make it possible to get important predictions and help in the design and success of further studies.
Among the different class of phytases, CPhy class is least studied for its biochemical and important sequence catalytic features. Several CPhy has been reported by rumen bacterial isolates, including Megasphaera elsdenii, Clostridium perfringens, and Clostridium botulinum (Yanke et al. 1999) . Biochemical characteristic of CPhy has not been studied in detail and very little literature is available on characterization of CPhy. In one such study, CPhy from Selenomonas ruminantium has been studied and characterized extensively by Puhl et al. (2007) . In the present study, the 40 reference protein sequences of CPhy from protein databases were retrieved and analyzed 'in silico' for their biochemical features, multiple sequence alignment, and identity search, phylogenetic tree construction, distribution of motifs and superfamily using various bioinformatics tools.
Materials and methods
The 40 reference protein sequences representing CPhy from NCBI protein database (http: //www.ncbi.nlm.nih.gov) were retrieved in FASTA format for use in this study (Table 1) . The protein sequences, which were shown to exhibit phytase activities, were selected for in silico study. Their characterization for homology, phylogenetic relationship, functional domain, and other biochemical properties was carried out using freely available bioinformatic tools following the methodology of Kumar et al. (2012) . For domain search, the Pfam site (http: //www.sanger.ac.uk/software/pfam/search.html) was used. Functional domains and motifs analysis were done using MEME (http: //meme.sdsc.edu/meme/meme.html).
Result and discussion
The 40 reference sequences representing CPhy with GenBank accession number are listed in Table 1 . Two conserved regions 'DLR[E/Q]E[S/T]HG[F/L]' and 'WxHFHCxxGxGRT' were obtained in all representative sequences, when analyzed by multiple sequence alignment using ClustalW by MEGA5 (Tamura et al. 2011) . High distinctiveness was observed in cysteine phytase protein sequences during alignment. The primary sequence of this enzyme contains a PTP-like signature sequence (C(X)5R), which is ubiquitous among members of the PTP superfamily (Zhang et al. 2002) . All PTPs have a phosphate-binding loop (P-loop) at the base of their active site which contains the characteristic PTP signature sequence C(X)5R (Denu and Dixon 1998; Zhang 2003) . Site-directed mutagenesis studies have determined that the cysteine residue present in the P-loop is absolutely required for PTP activity (Puhl et al. 2007) . It is a strong nucleophile, and is easily modified by thiol reagents (Sechi and Chait 1998) . Chemical modification experiments with alkylating agents also indicate that the Ploop cysteine is required for PTP activity (Zhou et al. 1994) . PTPs use the nucleophilic cysteine residue to bind the phosphate monoester of the substrate, forming a thiol-phosphate intermediate (Pannifer et al. 1998 ). S. ruminantium phytase neither contains the conserved RHGXRXP motif nor is affected by divalent metal ions. The active site is located near a conserved cysteinecontaining (Cys241) P loop (Chu et al. 2004) .
A total of 5 clusters were observed in phylogenetic tree constructed by the Neighbor-Joining method. The largest cluster '1' contains sequences from Clostridium sp. (21 sequences Bdellovibrio bacteriovorus (NP_968118.1) ( Figure 1.A and 1.B) .
The variations in biochemical features of representing CPhy protein sequences are given in Table 2 . The length of protein sequences was found in the range of 283-347 amino acid residues, except 5 sequences from Clostridium sp. were 820 amino acid residues long. The theoretical pI value of CPhy sequences was observed to be highest among four classes of phytase and was in the range of 7-10. The instability index is used to measure in vivo half life of a protein (Guruprasad et al. 1990 ). The instability index of 7 CPhy protein sequences was above 40 indicating their low in vivo stability (Table 2) , while the rest of the sequences with their instability index value below 40 have in vivo stability of more than 16 h (Rogers et al. 1986 ). Aliphatic index of protein measures the relative volume occupied by aliphatic side chains of the amino acids: alanine, valine, leucine, and isoleucine. Globular proteins with high aliphatic index have high thermostability and an increase in 1 .B. Phylogenetic tree constructed by NJ method based on CPhy protein sequences aliphatic index increases protein thermostability (Atsushi 1980; Rawlings et al. 2006) . Aliphatic index of CPhy protein sequences was observed in the range of 70-95, suggesting sequences were varied in their thermostability (Table 2) . Superfam analysis revealed the presence of 'phosphotyrosine protein phosphatase II superfamily' and 'myo-inositol hexaphosphate phosphohydrolase PhyA family' in all 40 protein sequences. Protein tyrosine phosphatases (PTP) catalyze the dephosphorylation of phosphotyrosine peptides; they regulate phosphotyrosine levels in signal transduction pathways. The depth of the active site cleft renders the enzyme specific for phosphorylated Tyr (pTyr) residues, instead of pSer or pThr. Analysis of 10 motifs by MEME suite with provided parameters revealed 50 amino acids long motif '1' 'TDHKWPTDEMVDYFVQFVKSMPKDTWLHFHCQA GIGRTTTFMI MYDMMKN' was present in all cysteine phytase protein sequences. The functional domain found in this motif was similar to PTPc superfamily. This family has a distinctive active site signature motif, HCSAGxGRxG, characterized as either transmembrane, receptor-like or non-transmembrane (soluble) PTPs. Receptor-like PTP domains tend to occur in two copies in the cytoplasmic region of the transmembrane proteins, only one copy may be active. Other motifs (6 to 10) were found similar to GxGYxYP superfamily. This family carries a characteristic sequence motif, GxGYxYP, but is of unknown function. Associated families are sugar-processing domains. Complete list of motifs with their characteristics is given in Table 3 .
In conclusion, this in silico study for phylogenetic clustering, conserved motifs sequences and biochemical features of phytases from class CPhy, could be key information for their further classification and genetic modification within key sequence features for the development of novel phytase with desired properties. Conserved motif sequences are important for conserved primer design and diversity study thereafter.
